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ABSTRACT

Pruritus is the most common symptom secondary to skin diseases. Advances in the fields
of neurobiology, immunology and physiology have made it possible for us to understand
and unravel the deeper pathophysiological basis of pruritus. This review aims to update
our current understanding of the mechanisms and mediators of pruritus. Special attention
is paid to endogenous itch mediators particularly newly identified ones like endovanilloids,
opioids, neurotrophins, cannabinoids, proteases and cytokines. Various theories explaining
the peripheral encoding of itch are reviewed. Multiple neural pathways including the central
itch pathways as well as supraspinal processing of itch and brain areas involved in pruritus
are highlighted. Apart from peripheral itch mediators, spinal neural receptors are also
involved in control of itch and should form part of the development of a novel antipruritic
strategy. Further studies are required to fill the lacunae in our current understanding of the

pathophysiology of pruritus.
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INTRODUCTION

In 1660 Samuel Haffenrefer proposed that itch be defined
as an “unpleasant sensation that elicits the desire or reflex
to scratch”."® However this definition is not entirely
satisfactory because of the subjective nature of the term
“unpleasant”.®! Furthermore, in many instances subjects
rub instead of scratching in response to itch, as is quite
commonly the case with patients of urticaria.”* Itch may
be regarded, in a teleological sense, as a physiological
defense mechanism to keep at bay harmful external
agents.®! Ttch is a predominant symptom of many
cutaneous disorders like atopic eczema and various
systemic diseases like liver failure and end-stage renal
disease (ESRD), and certain neurological and psychiatric
diseases as well. Itch, especially when chronic, is one
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of the most distressing sensations and can substantially
impair the quality of life.l®!

Advances in dermatological and neurobiological
research have lead to a significant unravelling of
the pathophysiological basis of pruritus. Despite
being the standard treatment for itch, antihistamines
are not effective in lessening pruritus in various
cutaneous and systemic diseases;”! therefore, a better
understanding of itch assumes a crucial importance
from a therapeutic point of view.

NEURONAL PATHWAYS OF PRURITUS

Many theories have been proposed to elucidate the
encoding of itch; the most important ones are as follows.

INTENSITY HYPOTHESIS

For long itch has been considered as a sub-modality of
pain. Intensity hypothesis postulates neurons that are
activated by both painful and pruritogenic stimuli, but
weaker activation of nociceptive receptors results in
itch.®! However, recent evidence against this theory is
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accumulating and suggests that the neurophysiology
of itch is much more complex than initially thought.
For example, when algogens are applied topically in
lower concentrations it results in low intensity pain
and not pruritus.?

Also, electrocutaneous stimulation of human afferent
nerves revealed that an increase in the frequency of
stimulation leads to more intense pruritus or pain
without any qualitative change in the sensation from
one modality to the other.™

LABELED LINE OR SPECIFICITY THEORY

Microneurography experiments conducted in 1997
by Schmelz et al.," identified afferent C-nerve fibers
with slender axons and lot of terminal branching.
These fibers were histamine sensitive but insensitive
to mechanical stimuli. The detection of these low
velocity fibers distinct from nociceptive fibers
provided support for the labeled line theory which
hypothesizes discrete and mutually exclusive afferent
fibers for detecting either itch or pain.!*"

To detect whether these histamine-sensitive C fibers are
represented centrally, Andrew and Craig!'* conducted
electrophysiological recording in cats which revealed
a subset of spinothalamic tract (STT) neurons in
lamina I responsive to histamine but unresponsive
to thermal and noxious stimulation as well as to the
algogen, mustard oil. This strongly suggested that
specific neuronal pathways are involved at both
peripheral and central levels in mediating itch, thus
supporting the labeled line theory.

However, it has been observed that in primates,
histamine-sensitive STT neurons respond strongly
and invariably to capsaicin, arguing against the labeled
line theory.™*

Furthermore, a study by Schmelz et al.*¥ found that
C fibers that were initially believed to be itch-specific
also responded to capsaicin.

THE SELECTIVITY OR OCCLUSION MODEL

This model combines aspects of both the preceding
theories. It postulates that pruritoceptors are part of
a larger set of nociceptors, the activation of the whole
group elicits pain while activation of the itch-selective
subset elicits itch.!'*13

Understanding itch

In summary, it is still not entirely clear if the neural
pathways for itch and pain are completely independent
or not.

MULTIPLE NEURAL PATHWAYS FOR ITCH INDUCTION

Oral antihistamines are ineffective in the treatment
of many types of pruritus,”! suggesting a role for
non-histaminic pathways in the sensation of pruritus.
In the primate STT, distinct non-histaminergic C-nerve
fibers transmitting itch have been discovered; these
fibers are activated by cowhage (pruritogenic spicules
which cover the pod of Mucuna pruriens, a tropical
legume.).!'"

In a study by Namer et al.,['® cowhage spicules resulted
in pruritus only in mechano-responsive C fibers (CM)
but not in mechano-insensitive C fibers (CMi). This
was in contrast to histamine which induced itch
only in mechano-insensitive fibers (CMi). The study
concluded that cowhage and histamine induce itch by
activating separate non-overlapping groups of C fibers.
Cowhage-induced itch does not produce flare and is not
abolished by topical antihistamine treatment, however
desensitization with topical capsaicin abolishes it,
indicating that signaling of cowhage-induced itch
occurs via a group of afferent nerve fibers sensitive
to capsaicin.['”’ Cowhage spicules contain a cysteine
protease, mucuna in which is a pruritogenic substance
that binds to proteinase-activated receptors, PAR 2
and PAR 4."8 Cowhage-mediated pruritus may serve
as an appropriate model to understand pruritus in
atopic dermatitis™ because PAR 2 receptors are
elevated and involved in itch mediation in this
condition.?”! Furthermore, cowhage-induced pruritus
leads to concomitant pricking and burning sensations
as seen in atopic dermatitis.['®

It appears promising to pursue drugs capable of
blocking the cowhage pathway for treatment of
chronic pruritus and this pathway may serve as a new
paradigm to test antipruritic agents in humans.!""

It has been observed that non-histaminergic
pruritogens may also mediate itch via toll-like receptor
7 (TLR-7) which is expressed by C-nerve fibers.!"
CENTRAL PATHWAYS OF ITCH

The C-nerve fibers synapse with lamina I neurons
in the dorsal horn of spinal cord, then the secondary
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transmission neurons cross and enter into the opposite
lateral STT to ascend to the thalamus.'? Distinct
lateral spinothalamic pathways conduct sensations
from histamine and cowhage-sensitive neurons,
respectively. A study by Sun et al. suggested that
gastrin-releasing peptide receptor (GRPR) specifically
mediates pruritus in the dorsal horn of the spinal
cord but whether GRPR mediates other sensations
could not be sufficiently excluded.?” In a later study,
GRPR+ neurons were selectively destroyed in mice by
intrathecally injected bombesin-saporin. This led to a
near complete loss in the scratching response to both
histaminergic and non-histaminergic pruritogens,
without affecting the pain behavior.!?*! These results
suggest that GRPR is specifically involved in the
central mediation of itch at least in mice; however, this
has not been confirmed in humans as yet.

SUPRASPINAL PROCESSING OF ITCH

Intracutaneously administered histamine-induced
pruritus results in activation of multiple sites in
the brain, which indicates that itch sensation is
multidimensional and there is not a single itch
center. The areas of brain that are activated include
anterior cingulate cortex, premotor area, primary
somatosensory cortex parietal lobe (inferior), insular
cortex, supplementary motor area, cerebellum and
thalamus. 28

Activation of motor-associated areas correlates with the
scratch response. A center in the distal medulla which
in turn is under control of midbrain structures governs
scratch movement.” The cerebellum might also have a
function in coordinating the itch-scratch cycle.”

MEDIATORS OF ITCH

A bewildering myriad of mediators acting via a
multitude of mechanisms are involved in pruritus.

HISTAMINE

Histamine, despite being the most acknowledged
mediator, plays a major part only in a few diseases
like urticaria, insect bite reactions and mastocytosis.
Dermal mast cell degranulation contributes to most
of the histamine in the skin. Histamine acts on H1
receptors present on C-nerve fibers. H1 receptor is a
G protein-coupled receptor attached to phospholipase
CB3 (PLCB).BY

Understanding itch

The role of histamine type 4 (H4) receptors expressed
mainly on dendritic cells, mast cells and eosinophils
is an exciting new field in our current understanding
and management of pruritus.’? These receptors
are involved in allergic inflammation® and also in
mediating pruritus.®¥ This dual action makes H4
antagonists potential novel therapeutic agents for
the management of allergic conditions like atopic
dermatitis.® Prostaglandin (PG) E1 and E2 potentiate
the pruritic action of histamine.?"!

ACETYLCHOLINE

Acetylcholine (Ach) is a neurotransmitter which binds
to both muscarinic and nicotinic receptors. In mice,
activation of the muscarinic M3 receptors causes
pruritus.®

Studies revealed that intracutaneously injected
acetylcholine induced pain¥ but it caused itch in
atopic eczema.’”! Histamine-sensitive as well as
histamine-insensitive C-nerve fibers are stimulated
by acetylcholine.”” Atopic dermatitis patients are
more sensitive to acetycholine and less sensitive to
histamine than normal subjects.*® Since sympathetic
nerves to eccrine sweat glands release acetylcholine, it
is likely to be involved in the pruritus due to sweating
seen in atopic dermatitis.B"

PROTEINASES

The interest in the exact function of proteinases (like
chymotrypsin, papain and trypsin) in itch has
received renewed attention after studies revealed
overexpression of chymotryptic enzyme within the
stratum corneum in chronic itchy inflammatory skin
diseases in mice.*! Dermal mast cells produce tryptase
and chymase which act through G protein-coupled
receptor PAR 2 expressed on afferent C-neurons and
keratinocytes.[1820:41]

Elevated tryptase levels have been demonstrated in
the lesional skin in comparison to non-lesional skin
in patients of atopic dermatitis and the skin of normal
controls. In addition, upregulation of PAR 2 receptors
has been seen in atopic dermatitis.?%

Activation of PAR 2 is also seen in itch due to
kallikrein™? and cathepsin as well as exogenous
proteases including house-dust mite.*¥) PAR 2
activation leads to the release of substance P as well

108 Indian Journal of Dermatology, Venereology, and Leprology | March-April 2014 | Vol 80 | Issue 2



Hassan and Haji

as calcitonin gene-related peptide (CGRP) from nerve
terminals which further leads to activation of CGRP
receptors and neurokininl receptor, resulting in
transmission of pruritic signals to the central nervous
system.!*!l However, intradermal injection of substance
P causes itching but CGRP does not.[*¥

It has been seen that both kallikreins and bradykinin
can provoke pruritus by activating histamine-sensitive
C-fibers.'*! Epidermal kallikrein-7 overexpression in
mice leads to very intense itch behavior.[*! In addition,
evidence suggests that pruritus induced by sodium
deoxycholic acid in rodents is reduced by the use of
bradykinin type-2 receptor antagonists.4®!

CYTOKINES

Interleukin 2

Interleukin 2 (IL2) is produced by activated T
lymphocytes. Its role in pruritus is supported by
the observation of redness and generalized pruritus
following use of high dose recombinant IL2 for cancer
treatment.™”! It is unclear as yet whether this process
is mediated directly at the receptor level or indirectly
through mast cells or endothelial cells.®! Intradermal
injection of IL2 has also been noted to induce pruritus.¥

Interleukin 31

Interleukin 31 (IL31) is mainly produced by Th2 cells.
IL31, through its regulation of both inflammation and
pruritus, might be a link between the immunological
and neurological systems.!® Transgenic overexpression
of IL31 has been found to evoke severe scratching and
dermatitis in mice.”! Decreased scratching behavior
was observed on administering anti-IL31 antibodies
in a mouse model of atopic dermatitis.” High levels
of IL31 present in the skin of patients with atopic
dermatitis and prurigo nodularis indicates its probable
role in causing pruritus in these conditions.?*%%

IL31 binds a heterodimeric receptor composed of
oncostatin M receptor and IL31 receptor A; but
whether the pruritogenic effects are receptor mediated
or indirect via keratinocytes is not completely known."
Targeting IL31 could serve as an innovative approach
for treatment of itching in atopic eczema.®!

OTHER INTERLEUKINS

Interleukin 6
nodularis.??

levels are elevated in prurigo
Increased expression of epidermal

Understanding itch

interleukin 4 (IL4) in transgenic mice results in
an itchy inflammatory cutaneous disease similar
to atopic dermatitis indicating the role of IL4 in
pruritus and inflammation.”* However, the role
of TNF-alpha (TNF-0) and IL8 in pruritus remains
unclear.

INTERFERON GAMMA

It is quite clear that interferon gamma (IFN-y) has
beneficial antipruritic effects in atopic dermatitis but
the mode of action is unknown.!!

SUBSTANCE P

Substance P is a neuro-peptide which acts mainly
via neurokinin 1 (NK1) receptors. Intracutaneous
injection of substance P produces itching as well as
erythema and wheal.[*"

In atopic dermatitis, serum levels of substance P are
elevated and correlate with severity of disease.® At
physiological levels, substance P does not lead to
histamine release from mast cells.®” Application of
substance P through a micro-dialysis probe leads to
flare without wheals or itching.® However, it is clear
that substance-P-expressing neurons are in direct
communication with mast cells in the skin./"

At relevant concentrations, substance P plays a role
in priming mast cells to other mast cell activators!®”
resulting in release of TNF-0,®" leukotriene B4,
histamine and PG D2. Topical capsaicin which depletes
substance P from cutaneous nerve terminals abolishes
itch and pain.®? In addition, a study by Costa et al.!%*!
indicates the role of NK1 receptor at the central level.
NK1 receptor antagonist, apripetant, has been tried in
Sezary syndrome for its antipruritic potential.l®

OPIOID PEPTIDES

Pruritus caused by morphine is a well-recognized
side effect in pain management. However, therapeutic
opioid doses are inadequate to cause mast cell
degranulation; therefore, opioid-induced pruritus
is thought to be due to central mechanisms. But
intradermal morphine does cause pruritus which
can be inhibited by topical pre-treatment with the
potent H1 antihistamine doxepine®® but only partially
inhibited by u receptor antagonist naloxone suggesting
both mast cell degranulation and activation of opioid
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receptors, both central and peripheral, are the possible
mechanism of pruritus. This also suggests that
histamine release by morphine is independent of u
receptor agonism.!*®! Furthermore, intraspinal p-opioid
agonists induce segmental pruritus.®”’ It has been
observed that itch induced by intraspinal morphine
can be inhibited by ureceptor antagonists®® but is
unaffected by antihistamines.®” Thus, at the spinal
level, opioid-induced itch is mediated by u receptors.
It has been seen that stimulating k-opioid receptor
blocks the effects of p-receptor agonists.”® Therefore,
the generalized itch induced by opioids could possibly
be an outcome of imbalance of p receptor- and
k-receptor systems.*” Opioid peptides have been used
in the treatment of various disorders associated with
pruritus. For example, u-receptor antagonists naloxone
and naltrexone have been effectively used in resistant
itch associated with uremia and cholestasis;”*7? while
K receptor agonists such as nalfurafine have been
effectively used in treating severe pruritus in patients
undergoing hemodialysis./”*

TRANSIENT RECEPTOR POTENTIAL CHANNELS IN
PRURITUS

In general, transient receptor potential (TRP)
molecules are calcium-permeable channels which
sense temperature, osmotic and mechanical changes.

TRPV1 is present on nociceptive C-neurons and serves
and is acted upon by capsaicin present in chilli pepper.
In addition, it can be activated by various endogenous
substances called endovanilloids. It has also been
seen that TRP vanilloid 1 (TRPV1) is expressed on
non-neuronal cells like keratinocytes."* Pruritogenic
endovanilloids activate TRPV1 to initiate pruritus
via a complex bidirectional intercellular system but
repeated application of topical vanilloids desensitizes
TRPV1-mediated signaling resulting in termination of
itch.”?

TRPs can be vital in the pathways of itch transmission.
For example, it has been seen that sensory neuronal
activation by histamine and PAR2 receptor activation
also involves the activation/sensitization of TRPV1.7
Accumulated evidence strongly suggests that TRPV1 is
a fundamental integrating element in various pruritic
and pain pathways.!

TRPV1 expression is amplified in keratinocytes of

Understanding itch

prurigo nodularis and becomes normal following
capsaicin treatment.”¥ In addition, stimulation of
TRPV1 channels releases multiple pruritoceptive
mediators like interleukins and neuropeptides.””

Other TRPVs (like TRPV2, TRPV3 and TRPV4) are
activated at specific temperatures.”® In view of the
comparable neuronal expression of TRPV3 and
TRPV1, and the postulate that TRPV3 may form
heteropolymeric structures with TRPV1 monomers, "
it is likely that TRPV3 might be a regulator and/or
co-transducer of TRPV1-mediated pruritus and pain.
It is pertinent to note that eicosanoids which possibly
act as pruritogenic compounds activating TRPV1 may
also activate TRPV4.% An interesting study by Stokes
et al.®V showed mast cell degranulation upon thermal
and physical activation of TRPV2. In addition, mast
cells also express TRPV1 and TRPV4.

TRP melastatin 8 (TRPMS8) is expressed selectively
by C-type neurons and acts as a cold thermosensor
between 8°C and -28°C. Menthol and its analogs as
well as icilin stimulate TRPM8.1##3 Menthol has been
used as a topical antipruritic agent with moderate
efficacy while topical icilin reduced excoriations in
an animal model.** Similar effects to icilin were seen
with carboxamides on TRPMS in vitro, producing cold
sensations lasting up to 1 hour and these may serve as
models for endogenous TRPM8 agonists."!

TRP ankyrin 1 (TRPA1), nociceptor is a recently
discovered mediator of non-histaminergic pruritus
activated by MRGPRs in mice.®!

PROSTAGLANDINS
Prostaglandin's (PGs) potentiate itching caused
by histamine as well as other mediators of

pruritus.®  Pre-treatment with PGE1 significantly
lowers the threshold of pruritus induced by histamine
and papain in humans.®” However, orally administered
aspirin, a cyclooxygenase inhibitor, had no effect
in relieving itching®® with the notable exception of
polycythemia vera®'but topically used aspirin alleviates
pruritus in patients with chronic localized itch.
Non-steroidal anti-inflammatory drugs (NSAIDS) can
also relieve pruritus in a subset of HIV patients probably
by blocking cytokine-induced PGE2 production.!*"
NSAIDS, e.g., per rectal diclofenac may reduce pruritus
in morphine-induced spinal analgesia.® Studies in
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mice suggest that thromboxane-A2[® and leukotriene
B4 are involved in pruritus.

NEUROTROPHINS AND NERVE GROWTH FACTOR

Despite lack of direct evidence linking neurotrophins
and pruritus many studies clearly demonstrate
their role in pruritus. Nerve growth factor (NGF)
is overexpressed in prurigo nodularis!®® and its
therapeutic administration is pruritogenic.'* In atopic
dermatitis, NGF is released by keratinocytes, mast cells
and fibroblasts®”! and plasma levels of NGF are also
elevated and correlate with disease activity.®® NGF
inducesrelease of the pruritogenic mediator tryptase.*”)
In addition, expression of neurotrophin 4 is elevated
in the cutaneous lesions of patients having atopic
dermatitis and prurigo nodularis.*"

ENDOCANNABINOIDS AND CANNABINOID RECEPTORS

Studies have suggested that cannabinoid receptors are
expressed on skin nerve fibers and may have a role
in pruritus. For instance, cannabinoid receptor (CB1)
agonist HU210diminisheshistamine-induced excitation
of nerve fibers and thereby reduces itching."" This
suggests CB1 signaling may be involved in initiation
of itch. Furthermore, cannabinoids (like CB agonist
anandamide) also activate the TRPV1 pathway.[*"!

SEROTONIN (5-HYDROXYTRYPTAMINE; 5HT)

Intradermal injection of serotonin in humans is mildly
pruritogenic.l'*? It causes histamine release from
dermal mast cells.['®® Ondansetron a 5HT3-receptor
antagonist alleviates itch secondary to opioid use,™**
suggesting a central mechanism as well. However,
serotonin 3 receptor antagonists failed to relieve
pruritus in renal failure.['%!

CALCITONIN GENE-RELATED PEPTIDE

Many neurons of the dorsal root ganglion co-express
substance P (SP), CGRP, and PAR2.“" CGRP plays a
modulatory role in inflammation and pruritus.['® It
would seem that CGRP has an inhibitory effect on
substance P-induced itching as it prolongs itch latency
following injection,™”! but increased levels of CGRP
are seen in atopic dermatitis, nummular eczema™® and
prurigo nodularis.!"*! Like substance P, CGRP-mediated
itch may result from mast cell activation.!"*"!

Understanding itch

Table 1: Itch mediators and corresponding antipruritic agents

Itch mediator Antipruritic agent

Histamine Antihistamines
Acetylcholine Doxepin (mainly antihistaminic action)
Serotonin Paroxetine, Fluoxetine (SSRI)
Mirtazipine (Serotonin inverse agonist)
Ondansetron (5HT3 antagonist)
Opioids Naloxone, Naltrexone (u-receptor antagonists)
Nalfurafine, Butarphanol (K-receptor agonists)
Leukotrienes Zafirlukast, Zileuton

Prostaglandins NSAIDS (Aspirin, diclofenac)

Substance P Aprepitant

TRPV1 Capsaicin

TRPM8 Menthol

TNF-a Thalidomidel”

GABA Gabapentin, Pregabalint%

SSRI: Selective serotonin reuptake inhibitor, TRPV1: Transient receptor
potential vanilloid 1, TRPMS8: Transient receptor potential melastatin 8,
TNF: Tumor necrosis factor, GABA: Gamma-amino butyric acid, NSAIDS:
Non-steroidal anti-inflammatory drugs

CORTICOTROPIN-RELEASING HORMONE

Corticotropin-releasing hormone (CRH) and its analog,
urocortin, lead to histamine release upon intradermal
injection.""V Various mediators of pruritus are released
in response to CRH probably via CRH-R.'"'? CRH is
also involved in mast cell degranulation occurring
during periods of acute stress.!"**

The exact function that leukotrienes play in itch
is unclear. Intradermal injection of leukotriene
B4 provoked scratching in a mouse model."¥ In
addition, studies have reported the use of leukotriene
receptor antagonists zileuton and zafirlukast for their
antipruritic action in atopic dermatitis.!*15:11!

OTHER MEDIATORS

Intradermal injection of vasoactive intestinal
polypeptide (VIP) induces itch which is dose
dependent."'”! Somatostatin has also been reported
to cause histamine release.*®! Nitric oxide augments
pruritus induced by substance P in mice.'** Bombesin
induces scratching in rats following intraventricular
injection.?” Pruritus induced by bombesin was
relieved by opioid analgesics pointing toward
association with the opioid system.*?!

A summary of itch mediators and the corresponding
possible antipruritic therapy is shown in the Table 1.
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CONCLUSION

The complexity of the neurophysiological mechanisms
causing pruritus as well as the extensive range of
peripheral as well as central mediators of pruritus
suggests that an effective antipruritic therapy would
require a multipronged approach.
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